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NOTE

Thig report is a synthesis of moterial deiivered at The
course organised by the Austrian Government in 1968 under the
auspices of the Council of Europe on

"pEE VALUE OF NATURAL SCIENCES IN ADULT EDUCATION"

The seminar took place from 13 - 24 May at the Federal
Tnstitute for Adult Education in St. Wolfgang, near Strobl.

This report, based essentially on the texts of the various
lectures, attempts to link up the problems posed at the Strobl
course with those discussed at the Marly~-le-Roi course (1967).




INTRODUCTICN

The organlsation of adult education in the different
Buropean countries, its real aims, its gradual insertion into
an integrated system of permanent education, all these arc
problems which at present occupy every government. The essentilal
difficulties hindering their solution on the theoretical level
derlive mainly from thelr novelty. Adult education has oniy

become necessary as a result of the continuous acceleration in
the evolution of modern society.

A% the course on "New trends in adult education", organised
at Marly-le-Rol in May 1907, the Council of Europe established
the basic theoretical aiternatives which ought to guide the
efforts of those organisations responsible for developing adult
education to the extent it deserves if it is to form .paprt of ’
a new system of permanent education based on modern teaching
methods, taking into eaccount the enormous resources now available
for diffusing information adapted to the needs and motivations
of adults. Never before has technical progress, and in
particular the improvement in methods of mass communication,
opened such wide horizons for bullding a society of individuals
responsible for thelr own lives, aware that this responsibility
demands a new kind of education, characterised by the fact that
1t 1s never complete and by the possibilities it should afford for
the perpetual reorientation of the individual personts activities.

Once these two tasks have been completed (studying the
goal to be reached and the means avallable for reaching it), the
content of the adult education programme still remains to be
defined. We know how to dilspense instruction intended for
adults; the subject matter to be taught is still unknown. What

must people be taught to satisfy their need to find their place
and role in this world and in society?

Before referring to the different suggestions raised at

St. Wolfgang, an answer must flrst be found to the following
questions:

(1) What is meant by natural sciences?

(2) wWhat place is at present given to the natural
sclences in adult education?

(3) On what does the educational. value of the
natural sciences depend?
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In the second part of this report, we shall try, with the

help of the various papers presented at the Course, to understand
the rollowing asgpects:

(4) The question of motivation.

(5) The obstacles to be overcome before a sclence
education scheme Intended for a wide audience
can show posltive returns.

(6) The form such an education scheme must take.
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l. What is meant by natural seciences?

The very expression "natural sciences" is ambiguous; in
order to understand it clearly it would be necesgsary first of
all to define the word "natural", which is no easy task. The
best solution would be to examine the meaning of the expression
as used in the context of the various lectures.

The meaning which seems implicitly to have been given to
"natural sciences" corresponds to the more complete French term
"sciences exactes et naturelles", with the addition of mathematics,
in so far as 1t is the privileged instrument of these sciences.

Rather than compose a list likely to be inadvertently
incomplete the following definition (whose arbitrary nature will
be compensated by its usefulness) might be adopted: +the notural
sciences include all those branches of science whose aim may
be defined in "natural" terms in contrast to "symbolic" terms.
This definition excludes what 1s currently known as the social
sciences ("sciences humaines"), although it must include those
aspects of psychology directly derived from physiology. It is,
moreover, merely a synthesis encompassing all the toples dealt
with at 8St, Wolfgang. It 1s a definition which does not, however,
call in questlon the inter-connecting links (stressed
particularly by Prof. Dr. Eder) binding all exact and sociol
sciences. Nor is its formulation aimed at dividing in any
sense whatsoever the full range of scilentific investigations.

What the definition does do, is to restrict the scope to a certain
quantity of organised knowledge, this restriction being
sufficiently Jjustified by the fact that adult education will have
to concentrate on this knowledge rather than on science in
general; it -eannot atbtempt to train scientific research workers.

Nor should such a definition be taken as expressing an
epistemological blas relegating sociology, psychoanalysis,
phenomenology, linguisties, philology, phonology, ete. outside:.
the sphere of science. wuen studying these different
disciplines, account must be taken of various "symbolie" factors,
which cannot be apprehended by using only the logical or
taxonomical methods employed exclusively in most natural sciences.
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NOTE 1: The contrast between "natural" and "symbolic" on
which onpr definition is based may be clarified by taking
the example of psychology. Man may be studied as a part
of nature, The same methods would then be used asg in

the study of any other animal. As o result, however, the
phenomenon of men (the object of the study) must be
reduced until it corresponds exactly to the field in which
the sald methods may be applied. The elements reduced
include languege, irony, family relationships, efe., but
only thus can one guarantee the validity of the sclentific
results whiech may be produced by these methods. Man,
however, may also be studied as part of a so-called
"gymbolic" order, Thus defined, man is also reduced by
“restricting study to those elements which differentiate
him from animals. There 1s, of course, no lack of links
between the "symbolice" and the "natural" elements.

NOTE 2: Mathematlcs form a speclal case in so far as
they basically involve perfecting abstract instruments,
It is thus by virtue of their methodological qualities

that they may be applied to the full range of natural
sclences. .

2. ' The present position of natural sciences in adult educabion .,

The specialists attending the study course unanimous.y
deplored the insignificant position occupied by natural sciences
in adult education curricula. Dr. Lendl, with the help of

‘statistics which he described at the outset as unreliable in the

sense that they included subjects outside the scope of our
definition, suggested an estimabte of between 3% and 30%. Natural
sciences do not in fact appear to represent more than 1/10%h of
the curricula. There is no Qoubt a considerable number of
successful activities in the field of vocational further
education not recorded i these: statistics. Such. braining
courses are indeed first and foremost an esgential reoulrarent

in the world of today, a necessity inh guaranveeing high ret irns:
the better a personts qualifications, the greater kis profif
earning capacity. The danger is that they encourage . increased
specialisation to the sole advantage of the business firm. Even
if the individual derives some benefit from the point of view of
promotion, earnings and, probably, personal satisfactlon from als
work, 1s this benefit not largely outwaighed by the increasec
danger of being turned into an automaton?

/.
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Indeed, to include vocational further education in the
gencral concept of adult education could be described rather
as o strategle move. Only when adult education is integrated
into an all-embracing system of permonent education will
vocebional education be able to free i1tself from its present
gpecific function of gpecilalisation,

O
o) o)

It is true to say that natural sciences are at present
still largely neglected in adult education courses. It does
not however seem to be for want of having recognised the
importance of thelr influence on mants environment. Perhaps
it is bound up with the fact that the very subject matter of
thege sciences is difficult to communicate. Several experts
are clearly aware of these difficulties, which will be dealt
with in part 5 of this report.

3. The educational value of natural sciences

Thlis Important question was widely debated and received
various answers according to whether the intrinsic value of the
subject matter itselfl of these sciences was stressed or the
methods of approaching that subject matter.

Both views agree, however, in stressing that men, and
particularly adults, are ill-adapted to the world now being

created by scilence. The adult these days 1s immersed in a world

which he cannot recognise as his own, as the one inherited from
his parents and formed by their modes of expression and thought,
Today, the adult is fundamenfally out of tune with his time, and
this disharmony derives Lrom the transformation of hls environ-
ment by technology. Technology cannot be defined as merely
furnishing artificizcl elements which may be understood simply -
by realising that they exist; on the contrary, it determines
the new structures of our environment, -

The advent of the supersonic jet has not only added a few
hundred miles per hour to the speed of the propeller driven
plane; it has caused a sort of shrinking of environmental space
to the extent that what is "far", through becoming accessible
in o few hours, is absorbed in what is "near", by virtue of this
new accessiblility.

e
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But language continues to make a semantic distinetion between
neapri and ‘mear?, based on the mnotion of inacceseibility (or
accesslbility). Mew terms will therefore have to be found to
define this notion, which might otherwise become meaningless,
nug ereating in the human mind a sense of incompleteness and
dissatisfaction, Only scilerce educatlon for adults can produce
o re-definition of this old notion and thus ensure that the world
is transformed to concord anew with the human mind which is unable
to evolve at the pace imposed by scilence.

Although the two views mentioned above both reach the
conclusion that adults are ill-adapted, they each have their own
way of solving the problem.

The first attributed particular importance to the subject
matter of natural sclences, The entire lecture by Dr. Rensch
(MUnster University) is characterised by this attitude.  The
following passages are quoted by way of illustration:

"puring the past few decades bilological research has’
provided us with a large number of discoveries,. which are
highly important both for our view of the world and our
practical lives and must, therefore, also be given due
consideration in adult education. Many biliological
processes which at the beginning of this century could
virtually only be regarded as miracles have since been
analysed to such an extent that they are understood today
as chains of e¢ausal events. In part, these cause-
effect proeesses can even be traced as Tar as molecular
structures. These are discoveries which, it may seem,
are only the concern of biologists or those interested
in biology. If we bear in mind, however, that our lilves,
too, can be understood, partly modified and directed by
them in the future, then they become the immediate

- eoncern of every one of us. The effect on adult
education is a positive one. When speaking to a large
audience of laymen, especlally within the framework of
adult education institutes ("Volkshochschulen"), one
repeatedly finds that everything relating to man arouses
their particular interest.

What, then, are the recent biological discoveries
that are of general importance? Important results have
been obtained in virtually all branches of biology.
Since by far the largest number of bilologlical processes
toke place in the cells, mention should first of all be
made of cytology, the science of cells. Owing to the

e
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invention of electronie microscopy, which provides

an optical representscion of what was previously
invisible - even of macromolecular dimensions -

and owing to the development of numerous ingenious
biochemical methods, completely new insights can be
gained. Today we know how much more complicated

the structure of cells is than was previously
assumed. Thus, the mitochondriae, which are

present in all active cells and which under the
conventional microscopes could be seen only as

tiny fibres (threads) or grains, proved to be

highly organised structures containing a large

number of enzymes, which, organised in a certain

way, control decisive biological processes. They
are the power plants within the cells, so to speak.
The respiratory enzymes, which use their supply of
oxygen to release energy, become active. The energy
is used to form phosphorus compounds, particularly
adenosin triphosphoric acid, which constitutes the
energy-supplying element in numerous vital functions.
Today we also have much better information on the
structure and .functions of the carriers of the
heredity factors, the chromosomes. We know the
molecular structure of the hereditary substance, DNA,
and are beginning to understand the process of
ldentical redupiication and the synthesis of .
proteins with the help of other ribonucleic acids. L
The enzymes which are probably formed in this process
trigger off a series of well-organised processes
which result in the development of a living being
from a fertilised germ cell. In this way, decisive
blological processes, which even two decades ago were
still something almost mystical, become intelligible ...

The same holds true for many other branches of
bioclogy. It has been possible to analyse ab.least
the main aspects of the photosynthesis of plants, a
process by which inorganic matter is transformed into
organic matter and which ultimately constitutes the
baslis of practically all life. Along with hormones, -
substances were discovered that explain other miracles
of life. These compounds, whose chemical structure
1s already partly known, largely determine the
metabolism of living beings, their periods of growth .
and maturity and also trigger off the vital instinets -
such as the reproductive drive and the maternal
instinet - at the right time. The question of instinets,
which seem so mysterious because it is through them that
animals and to a certain extent men as well do the right

e

Aruitoxt provided by Eic:

Ric

s




-8 -

thing without having to think, has also already been
clarified in some of 1ts essential points. It is known
that nerve structures respond to specific signal
stimuli, the so-called trigger stimuli, and start off
adequate responses. The nervous systems used in this
connection are only partly known, but again we are on
the way towards an improved understanding of the cause-
effect relationships. Decisive stages in the
activities of the nerves, the sensory organs and the
brain have been determined by means of surgical,
electrophysiological and biochemical methods, which is,
of ecourse, extremely important for the understanding

of how the mind works.

Completely new aspects were also discovered in the
field of sexual research. It was found that .the
formation of the Two sexes was not immediately connected
with procreation but that the relationship is only a
secondary one. What matters is that by the fertilisation
of an egg cell by a sperm cell new combinations of the
hereditary structures and consequently new variations of
living beings are produced. Thus, there is always the
possibility that under extreme conditions of life that
~occur again and again - such as extreme cold, heat or

drought,  epidemics or new enemies - at least some
resistant forms survive and ensure the continuation of

a species. 'Nabtural selection, after all, is much more
severe than was thought for a long time. The extremely
high extermination rates with all types of animals and
plants (frequently more than 99% of the off-spring perish
in the struggle for life before they themselves have
reached sexual maturity), clearly demonstrate the
severity of natural selection. The very fact that
‘sexuality has been maintained both in plants and animals
throughout their phylogeny extending over millions of
years, although non-sexual reproduction is also possible,
is proof of the extraordinary importance of the new
combinations of genes it permits.

Furthermore, we begin to understand something about
the causality of the individual process of development,
i.e. the process of differentiation from the germ cell
or embryonnic stage to a grown-up living being. The
decisive factor in this context was the recognition of
the role played by the biochemical structure
of the egg wall in the initial processes of
differentiation. Numerous experiments have revealed

./
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the interplay between autonomous differentiation
and the effeects of nelghbouring tissues produced
by chemical and external influences.

Evolution research has also presented us with
fascinating results. We know the factors that have
led to a transformation of specles of animals and
plants, a process in which new combinations of genes,
mutations, flow of genes, freguency fluctuations of
genes within populations, selection and i1solation,
all worked together to a different extent in each
case. It was possible to formulate mary phylogenetic
laws and constants. We are also comparatively well
acquainted with the stages in the development of man.

All these new discoveries, of which T could only
mention some of the most important ones, are not only
of theoretical interast. They also play an important
role in practical life. Lawyers, teachers and all
those in a leading position must know how far-reaching
an influence hormonal disorders may have on human
behaviour. They must have an idea of nerve and
brain processes in order to Judge human failings
correctly. Everybody must be familiar with the
nature of heredity, which so decisively determines
his life and the lives of his children.

For adult education purposes, therefore, it is
important to present biological problems in their
relation to man, in order to stimulate interest,

Even if one wishes to discuss the physiological
processes that take place in a plant cell, one should
not fail to point out the basiec similarity to human
cells. | ‘

By way .of giving an example of an issue that is

of special importance, T would like to discuss briefly
the phylogeny of man and man's speclal position among
living beings. This topic is always a fascinating one
and is well suited to illustrate the present conflicts
and future dangers that mankind is exposed to unless

it pays due consideration to the biological principles
of life,

A toplc of special interest is the question as to
how 1t was possible for one branch of the ape family
to develop into man. From the anatomical, histological
and physiological viewpoint man hardly differs from the
apes, especially the anthropoid apes. Under the
misgroscope the cells of a chimpanzee - irrespective of

/.




whether they are gland, muscle or brain cells - look
exactly like human cells. The functions of the cells,
too, arve basically the same, The number and arraingement
of the hones are the same in chimpanzees and men, it is
only the proportions that are different, The frontal .
brain of apes, too, hag many convolutions and is divided
into similar functional areas as the human brain. Thus,
we can say that from the morphologlcal, anatomical and
physiologlcal point of view it is only guantitative
differences that distinguish us from the most highly
developed animals. But how could we obtaln our unigue
speclal position? A special position whieh, no doubt,
has raised us to a fundamentally different higher level
of life. Mankind has developed = highly differentiated
civilisation, it has developed seientific, artistic and
‘preliglous values, lives in accordance with established
rules and ideals, controls the earth with 1ts

technology and is able to scan the most distant worlds

or penetrate the atom. If we want to find out how such
) development could come about, we must first of all make
a survey of our phylogenetic ancestors.

These considerations lead us to enquire into the
origin of life on our planet. Until a few decades ago
this quescion could only be answered with "ignoramus,
ignorabimus". Today we have come a little closer to
its solution. In 195% 8,L. Miller succeeded in
producing some complicated compounds (including several
amino acids, the components of proteins, as well as some
other vital organic compounds) by means of high-voltage
electric discharges in an environment regembling the
primary atmosphere of the earth, i.e. an atmospbere
consisting of hydrogen, methane and ammonia. Further
experiments carried out under such pre-biologicel
conditions have shown that almost all chemical pre-
requisites for bilologlcal processes - including fthe
components of the nucleic acids, which are so highly
important for heredlity - can be produced 1n such a way.
The sources of energy that were used included the
short-wave rays (UV) or the high temperatures tyvical
of our planet in its original state. By pouring amino-
acid over lava (at a temperature of 200°), iox and his
collaborators succeeded in producing so-called proteinoid
drops, tiny probtein-like, highly stable compounds. It

o/
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was also possible to demonstrate various other
possibilities of protein synthesis. The Russlan
scientist A.I. Oparin produced so-called coacervate
drops contalning the primary vital substances,
proteins and nuclelc acids. Of course, it is
st1ll a long way from these compounds to the origin
of even the most primitive cell, but we can already
soy with some degree of probability that the first
lizing beings gradually developed from inanimate
nature,

The close relationship of all living beings,
ineluding man, 1s also reflected in the highly similar
structure of the cells of which all organisms are
composed. All cells with a normal function consist
of eytoplasm as the basic substeace, chromosomes as
the carriers of hereditary material, mitochondriae or
their precursors as the "power plants" and a cell
membrane that is regponsible for the absorption or
excretion of certaln substances. The close
relationship of all living beings is further
illustrated by the fact that the structure of the
hereditary substence, deoxyribonucleic acid, 1is the
same in all organisms. The discovery of the chemical
strucoure of these extremely long thread~like
molecules may perhaps be called the most important
biological discovery of our century. The DNA
molecules consist of two helical strands, wound around.
each other, in which phosphate and sugar groups
{pentose) alternate with each other. The two ribbons
are connected by two pairs of bases consisting of ‘
adenine, thymine, eytosine and guanine, which are held
together by hydrogen bonds. The differences in the
hereditary substance of living beings are due to the
alternation of the two base pairs along the molecular
thread. Replication of the double-helix molecule is
possible by "unzipping" along the hydrogen bonds; each
strand complements the other with its dmdiwidual
components in the nucleus, il.e. the corresponding
nucleotides consisting of a phosphate group, a sugar
group and a base each. This explains the secret
of the identity of offspring and the secret of heredity
on its molecular basis. The transfer of genetic
information from the DNA molecule to the cell is
effected as follows: A complementary ribonucleic
acid, the so-called messenger ribonucleilc acid, is
formed; it passes from the nucleus into the
cytoplasm and becomes assoclated with the ribosomes
where proteins - .or first of all enzymes - are

/.




synthesised with the help of other amino-acids supplying
nucleic acids. Whether the hereditary substance, which
always consists of the same components, results in the
~development of a cockchafer, a trout or a man will first
of all only depend on the base sequence of the DNA as
well as on the presence of the chemical compounds
necessary for protein synthesis in the ribosomes and for
the formation of tissue.

The discovery of these relationships 1s a most
thrilling discovery which clearly shows us the uniform ’
character of all forms of life and the intimate connection
between man arnd the other living beings. This 1is
extremely important for the biologlical view of life to be
taught in adult education classes, particularly since it
demonstrates that these molecular mechanisms conveying
genetic information also determine hereditary intellectual
abilities. Of course, these highly complicated processes
could only be outlined in a very simple, commonly ‘
intelligible form. Presented in this forw, the subject
will not be too difficult for lectures at "folk high
schools", particularly if these lectures can be illustrated
by slides. ..."

The remarkable fact about this lecture is the clear way
it highlights the answers provided by science to guestions which
the human mind has always pondered. 11 is for this reason
that the author states, very rightly, that "everything relating
to man arouses particular interest", a statement borne out by
the following quotation from the lecture by Dr. Pischer
(Giessen University): "With referetfice to natural scilences in
present-day adult education, the quescion is not so much to
explain a subject in depth, wub rather to ciarify its meaning
for the individual and his way of life". :

- This subjective interest exists because the questions
answered above are rooted in the very structures of our common
pool of speech and thought. | -
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The second viewpoint had a greater following at the
St. Wolfgang course. In contrast to the previous one, i1t
stresses the value of scientific method. Three lecturers
emphasised this aspect in particular, Prof. Eder (Giessen),
Prof. Gerlach (Munich) and Mr. Rainer Biemel (Paris).

Man adapts to the modern world by learning to think in new
ways, by acquiring new patterns of thought. There 1s no
longer any branch of knowledge, especially in science, that
claims to represent absolute truth. Knowledge itself would be
called in question 1f dissociated from the analytical method
which produced it. On this very point, Dr. Ederts lecture is
particularly revealilng and proves that even scientists are
developing a new pedagogical sense:

"By a physical view of the world we no longer mean -
unl ike the 19th century - a precise, exact replica of the
universe in the humen imagination. We obtain physical
Imowledge by certain methods of thought, and scientific
results are meaningful in relation to the methods by which
they were obtained. Thus, the physical view of the world
rather serves to prepare the way in na%ure, with ways of
thiought and methods being a special approach. A physical
theory of life is not a rigid framework but rather a
starting-point for an expedition that is to familiarise
us with the world.

In termgl?f space, the physical world ranges from a
length of 1@ m in structural analyses of elemenggry
particles in high-energy physilecs to a length of 19 m
in linear measurements of the universe. In both these
extreme cases 1t is not a matter of our actually being
able to measure the length of elementary particles or
galaxies; in the case of elementary particles we rather
extend our experience of contact obtained from the impact
on macroscopic balls to the high-energy impact on
elementary particles in submicroscopic dimensions. In the
second case we transfer our perspective sense of space
based on seeing trees along an avenue to the brightness
and freguency of the galaxies and from this deduce the
spatial structure of the universe. Physics enhances the
sensory perceptions of man by many orders of magnitude, sO
to speak. This is directly done with the help of
microscopes and telescopes, which increase the apparent
size of an object by several thousands of Times. Indirectiy,
this intensification is brought about by any physical
regearch metgfd. When an atomic nucleus, for example,
gives out 10" sound vibrations per second, we cannot hear

/.
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the sound but can only observe the effect of the gamma
radlation emitted by this nucleus in a solid body. We
also know that nuclear radiation has only a very short
range and ceases to be effective when the distance of a
proton or-neutron from the atomic nucleus is greater than
some 10 7~ m. This knowledge cannot be obtained by
measurement but only be counting how many neutrons of a
neutron beam pass a nucleus withoub interruptlion and how
many are deflected to a greater or lesser extent, The
longer the range, the more neutrons are deflected. Radio
and television extend our acoustic and optic capacity over
continents and even as far as the moon or the planets.
Radio-astronomy has greatly expanded our knowledge of our
galaxy and the universe. Visible light is absorbed by
the gas and dust clouds of the galaxy, whereas radio waves
provide us with information on the location, density and
movement of the gases. Directly and indirectly man
obtains an insight into the universe and thus becomes
familiar with 1it. By this increase in perceptual
possibilities, human nature, in a sense, is unlimited from
the physical viewpoint.

The relation between physical knowledge and research
method may seem to be subjective. Physical knowledge,
however, is obJective especially in that 1t can be
accurately reproduced by any man at any time. Nevertheless,
it is generally essential to state the research method,
since certailn properties such as the size and colour of an
atomic nucleus are not a priori meaningful but become
meaningful only in a specific physical context.”

Today, the validity of a scilentific discovery or conclusion
depends more on the methods by which it may be Jjustified than
on whether 1t actually corresponds to "reality".  The reason,
for example, why astrological systems based on the signs of the
zodiac are denied scientific recognition is not because they do
%ot ooErespond to reality (statistics show that there 1ls some
truth" in astrology), but rather because the methods on which

the principles of these systems are based are so obscure and
complicated.
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As Professor Eder emphasised, what guarantees the
objectilvity of scientific results is the pPossibility of
obtaining identical results at any time or place, thanks to an
exhaustive explanation of the method employed, the conditions
under which the experiment was carried out and the functioning
of the apparatus used. Sclentific objectivity depends
essentially on the instrument employed (whether it be g concept
or a piece of apparatus). As Bachelard affirms: "The true
principle of identity in all applied sciences rests on identity
of apparatus" (Activité rationnaliste de 1la Physigue

contemporaine”, page 5).  0bjectivity is certainiy based on
this principle of identity.

Similarly, the educational value of scientific method was
brought out clearly by Professor Gerlach:

"What 1is scientific knowledge? Why do we not speak

of information or results? Because it means something

that regults from the knowledge of nature, from the results
of scientific research only when this knowledge is processed
acgording to the rational principles of thought
characteristic of the natural sciences: into knowledge
about the essence of nature, about the relationships of
natural processes and their underlying laws, about the

primary elements which constitute the basis of natural
phenomena.

Therefore, the possibilities of rendering this process
of cognition accesslible to the general public shall be
presented here. Whether such possibilities exist or not,
however, always depends on three entirely different
prerequisites: whether this process orf cognition can be
popularised at all and whether there is the ability and
the readiness to accept it. These prerequisites at the
same time constltute the limitlng factors. The possibilities,
however, are also limited by external reasons, for example
the time avallable. This is only a secondary consideration
for us. In the same way we will exclude- from the tasks
of adult education anything that is tied to a &pecific

purpose, l.e. any extended or more specialised vosational
training."

The aim here 1s to render the scientific method accessivle
to adulcs. Rather than the subjJect matter itself, 1t is the
way of comprehending it that counts. Understanding methods is
more important than knowing facts: education for adults should
be entirely centred around this basic principle.

/e
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To gquote another striking remark by the same author:

| "Here we find that people usually do not understand
what they know. We are used to nature as it 1s, and
unfortunately people often do not feel the need to /
understand the things that they are msed to."

... for,to understand, we must reject common ufnse notions and
the series of "obvious truths" firmly rooted in our current
habits of speech.

This same viewpoint is further illustrated in the lecture
by Mr. Biemel. The essential reason why man is not adapted is
because, owing to the speed at which the world is developing,
he must Fface up more and more .to new situations and solve
problems without understanding the facts involved. Confronted
by these situatlons, there are two possible solutions:

- either to reduce the new to the level of the familiar; by
affecting the given facts, this reduction also affects
the solution; this is true, for example, in the well =
known phenomenon of routine where all new probvlems are
systematically "reduced", since their solution depends
entirely on the established practices used to solve
everyday problems. The quality of the solutions
arrived at automatically drops and the gap between such
solutions and those demanded by new problems widens
more and more;

- or ' to acquire a technique enabling man to be equal to the
new aspects of any problem, as Mr. Biemel rightly states:

"1f we are convinced that it is not our memory that
will be of decisive importance in the fubture but rather
the ability to master completely new situations, To cope
with the unknown, we must give absolute priorlty to the
development of techniques, imaginative thought and
effective intelligence in adult education methods."

Modern mathematics are the most general and useful
illustration of these technigues, as Mr. Bilemel clearlr
demonstrated in his lecture.

Eric

Full Tt Provided by ERIC.
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4. The question of motivation

This question was widely dlscussed at the gtudy course. To
quote Dr. Lendl's clagsification:

"The inclusion of natural science subjects into adult

education programmes is based on three different motivations
on the part of the audience.

1. The first group of people is interested in acquiring
a thorough knowledge of a specific branch - e.g. botany,
biology, mathematics, physics, astronomy, etc. They
desire to work systematically, perhaps even to carry out
thelr own experiments. In all countries, such groups
find 1t possible to satisfy their interests at adult
education institutes. The forms of instruction vary

. greatly, reaching from university courses and loose study
groups to systematic serles of lectures. This undoubtedly
valuable form of adult{ education constitutes a highly
specialised lelsure activity, which greatly contributes
to the develépment of the personality and to the raising
of the cultural standard. However, it is private in
nature and determined by individual interests.

2, There 1is a second group of people, whose interests
are no longer of a private nature: they wish to familiarise
themselves with certaln issues of modern life and thought,
€.g. medicine and hyglene; problems concerning the
maintenance of biological health; manrts natural environment
(water, air, soil, plants), which is a prominent social
problem today; issues of topical interest such as space
travel, nuclear physilcs, heart surgery, etc. Adult
education has always regarded it as its task to provide
this knowledge with a full sense of responsibility for the
individual and society, i.e. on a sound scientific basis

* without any manipulatory intentions. In this way, it
accepts an educational task of deep social significance.

(e04)
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b1 There is a third group, which is of a great socilal #
as well as individual ilmportance. The people in this !
group aim at furthering their vocational qualificatilons,

becoming informed about progress in a specific field,

training for a new profession as well as perfecting their
fundamental school and professional education. The

acquisition of new knowledge, insight and skills is of ¢
paramount importance for the efficiency of our national |
cconomies and for the development of our national culturcs.

New possibiléties open up before the betber informed and

better educatad person: improvement of his social and

professional position, a nigher income and, it is to be

hoped, greater pleasure and success in his work, as well

as fuller, more active participation in social life. This

new sltuation alsc affects the non-professional activities

of an individual as well as his family and environment."

These three types of motivation do not &xhaust all the
possibilities.

Tn his lecture, Mr. Bilemel mentioned a motivation which
derives from the particular situation in which parents of
school children find themselves:

"The heafiaistress realised, however, that she had to
inform the parents about tThe curriculum reform, which
consisted in teaching mathematics instead of arithmetic,
and she asked me whether I was willing to do this. I
agreed, and 1t was decided to hold a parents? meeting on
Saturday evening.

When T arrived on the Saturday in question, the
headmistress explained to we that she had a bad consclence
for having asked me to come, since probably only few
parents would come owing to the bad weather. I tried to
reassure her and told her fhat even if only three or four
people came the meeting would still have been worthwhile.
Actually more ‘than 300 people had come by 8 otelock -~ far
too many for the relatively small lecture-roon. I tried
to show the parents that it was only natural that in 196U
their children should not be presented the same material
that they had been given 20 or 30 years ago in arithmetic
classes, particularly since it had been so unsuiltable that
many of them shuddered when thinking back to fheir own
mathematics lessons as chilldren.




RIC

- 19 -

Simple as this argument sounds, it is difficult for
the parents to accepst. L remember that at another meeting,
which was also held to inform the parents about the
teaching of mathematics instead of arithmetic in primary
school, I began my report by telling the parents that four
astronauts had successfully landed on the moon. This
sensatlonal announcement was accepted almost as a matter of
course. But when I tried to explain later on that it
could no longer be the task of the primary schools to set
up calculating machines in the childrents heads, the
parents were sceptical and critical, since - at a time in
which so much 1is changing - they want to satisfy their need
for security by clinging to the fact that 2 + 3 =5 is a
truth that will outlive the world. It is not only the
need for security, however, that comes into play here but
also the authoritative position of the parents vis-a-vis
the children, which implies that - at least if the children
are young -~ the parents.must know more than the children.
Otherwise they feel overwhelmed with questions and -

exactly like the teachers - believe that their authority
is being questioned.

It must be said that, of the parents concerned, only

a small percentage are qualified to assume their role as
educators."

The point at issue is parentst desire to keep in touch
with what their children are studying in spite of radical
changes in subject matter. Adults already feel to some degree
unapble to communicate with their children, and this feeling is
reinforced by the impression of losing their authority.
Parentst authority is traditionally based on their greater fund
of knowledge. By acquiring knowledge not shared by their
parents, children escape parental authority and control. This
type of motivation is based on the relationship between
knowledge and power, whereas the types referred to by
Dr. Lendl depend more on a relationship between knowledge and
"value", prestige being, however, one of the basic values of
modern societies (as the sociologists Wright Mills and
David Riesmen have clearly demonstrated).

As for motivations centred on professiocnal interests, they
could much more easily be defined by reference to the individual s
aims in following a science course than by referring in any way
to the knowledge itself. In the vocational sphere, science
ls viewed as a means t0 certain ends rather than as an end in
itself.

/e
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Dr. Gerlach brought out the importance of technology in
motivating various groups:

"In our time there is something with which all people
come into daily contact, something that arouses their
interest in one form or another: ftechnological gadgets.
These all function accordirg to physical laws, and since
the knowledge of the interplay of their different parts
arouses the curiosity and the play instineét of one person
and seems useful to another person who wishes to use or
repair them, everyday technology is an ideal starting point
for one essential type of instruction in physies: 1t 1s a
stimulus for asking scientific questions, about whose
value there cannot be any doubt."

Dr. Eder stresses the same poinft:

"Constant changes in mants environment are not harmful
so long as he tully understands the properties of the
materials and the principles of the technology he uses.
Technical products as such are neither more nor less
famillar than natural products. They do, however, become
strange and threatening, unless we familiarise ourselves
with them in time through practice and theoretical education."

(0)

"Everyone today therefore needs a greater amount of
natural science education (...). The alienation of man
from his environment and the impression of being lost in
the world of automation are the consequence of insufficilent
natural science education."

o

O o

Certain psychological factors, however, prevent the
individual from satisfying directly and spontaneously these
motivated desires. Very important among these is the need
for security, reinforced by resistance to change.

For learning often necegsitates the arduous task of calling
in guestion the very knowledge one has acquirec from long
experience of life. Natural sciences are particularly difficult
to teach because thelr subject matter is the world where people

/.




are living and on which they alreasy have their own ideas,
opinions and beliefs. The world described by the natural
sciences 1s governed by universal and abstract laws, whereas
this same world is at the same time governed by the very
special laws of human subjectivity. Natural sciences thus
very often unsettle ldeas, opinions and beliefs to replace them
by knowledge which is often too abstract, or in any case outside
the sphere of personal experience and frequently, for that very
reason, useless. And yet it 1s the very alstract nature of
this knowledge which guarantees its validity, while making it
unpopular and unattractive. What indeed can surpass the
reality and certainty of personal experience? Why bother with
a system for classifying mushrooms based exclusively on their
method of reproduction when it is so simple to distinguish the
good ones from the bad with a silver teaspoon?

This brings us to the perennial epistemological. problem
of the relationship between subjective and objective khowledge,
to which we shall return shortly.

5. Obstacles preventing the wide dissemination of scientific
knowledge

The lectures at St. Wolfgang fully appreciated the
importance of this problem. Some, however, stressed those
obstacles which might be described as depending on institutilons
while others emphasised the purely epistemological ones. '

(a) Obstacles depending on institutions

Adult education suffers at present from a lack of
laboratories, organising bodies, qualified teachers, etec.
Appropriate teaching methods are required, in which knowledge
is not passed on by means of specialist lectures. As
emphasised above, it is what the adult has learned by contact
with reality that must be called in question, and the same
process will allow his knowledge to be renewed and perfected.

The following remark by Dr. Fischer may be noted:

"An adequate representation of these flelds presupposes
adequate buildings and rooms, adequate equipment and,
consequently, adecguate financial means, provided that the
traditignal institutions of adult education are qualified
at all.

./
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(p) Epistemological obstacles proper

A1l the lecturers agree that science education for adults
is possible in principle. Similarly, they all warn the
teachers or the organising bodies concerned against the dangers
of over-gimplification, incomprehension (or rather misunderstanding), -
and of interpretation, ... inherent in such a form of education.
In fact this problem is dealt with only superficially in the
lectures. ;

In spite of that. it is possible to draw attention to
certain of these obstacles:

- Abstraction. All secience is abstract in the sense that our
actual, conerete experience of the world is resolutely excluded
from any scilentifilc investigations. But the very educational
value of natural scilences depends fundamentally on the changes
that instruction in these branches of scilence may. produce in
mants subjective experience of the world. This contradiction
may only exist on a purely rational plane but one cannot afford
to ignore it.

This abstract side to sclence was also pointed out by
Dr. Gerlachs:

"A 1aw of nabture cannot be deduced from a concrete
example; 1t always contains an abstraction.

The more deeply one wishes to analyse a natural
phenomenon, the more one has to ignore what is perceived
by the sensory organs.

We have said, however, that all natural phenomena are
based on laws of nature. If we started the teaching of
physics by making children learn the basic rules of that
science, their significance could not be understood. This
pedagogical error is often made at lower  and higher school
levels - with the result that an internal defensive attitude
is produced, since the question 'why?', 'why should I learn
this? ' has at first to remain unanswered.

Adults will feel more dissatisfaction than younger
people, since there is no appeal to their emotiions and
feelings, as they would prefer. Making people start by
studying basic laws gives rise to a second diffioculty: if
the explanation of a process is followed by the process
itself, it often happens, particularly with so-called simple

/.
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processes, that the law does not seem to be valid. Take
for instance Galileo's famous law of falling bodiles: there

is no actual case in nature in which it is valid! "And yet,
it is a basic law of nature!

In teaching natural sclence we must not forget how
many detours and errors there were until a fundamental law
of science was discovered; and somehow the individual
student has to follow the same path that generations before
him had to follow before they came to understand things."

Here stress 1s laid on the difficultilies inherent in the
abstract nature of scientific knowledge. It is true, as
Prof. HEder states, that "there are no concepts which are concrete
or abstract in themselves" (see below page 28). But his
argument, based on the fédct that'"'newly introduced concepts are
always abstract" whereas "old and familiar concepts, whose
meaning can be demonstrated by numerous phenomena, are always
concrete", is not very convinecing. The real issue 1is whether
the transition from abstract to concrete, by having to stand
the test of actual phenomena, does not rob a concept of its
scientiflic status, and, by that very fact, of its educational
value which depends, as the same author so rightly pointed out,
more on the methods of thought, the path followed, Than on
the results obtained. "Atom" and "energy" have no doubt
become very concrete notions, but after having been disseminated
excessively, popularised haphazardly and 1llustrated
schematically for over half a century, have they retalned, in
the minds of those who employ them as concrete terms, their
strictly scientifie meaning?

Everyone understands in very concrebe terms the concept
of welght. But as soon as one attempts to illustrate the law
by rational argument, one realises what an absftract notion it
really 1is. ’

- Method. pdvances in natural sciences are made by applying
certain methods of thought which are peculilar in that they often
run counter to the methods of thought implicit in everyday
language. Science contradicts common sense. It destroys the
most widely accepted truths, disrupts habits of thought{ .
demystifies the most firmly established beliefs. Herein lies,
moreover, its essential educational value. This perpetual
doubting of patent facts may be cons idered in many ?gspects as

a struggle waged by scientists against their own habits of
thought rooted in their lingulstic habits. The special

o/
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quallity of fhe scientist is to distrust what he says; truths

which emerge spontaneously as he talks, he finds suspect. In a

word, his attitude 1s critical. The commonplace truth is one

which is self-evident, the mere reflection in words of some '
phenomenon. Its degree of truth depends on equating word with

object, But demonstration is the only way to prove its accuracy,

its scientific truth which is guaranteed by a method whose one

aim 1s its "self-transparency", by the fact that anyone, at any

time, may apply it and achileve the same results (see Hesserl:

"Formal and Transcendental Logic").

- Terminology. Sclence makes use of vepry specialised terminology,

but the nesessity for this 1s no longer disputed. It is

particularly difficult to penetrate this terminology,.to the

extent that 1t cannot be translated into simple terms. Although |
the term "ecchymosis" means exactly the same as bruise, there !
- is in fact something lacking in the former term which exists in

the latter: namely, the ideas of pain, blows, etc., which are

closely associated with the expression "bruise".

The epistemological obstacles exposed above are in fact
only relevant where scilence education for adults might be likened
to a sort of popularisation programme which, even if systematically
organised, would probably not produce the hoped for results.

6. Iypes of science education for adults

In dealing with the educational value of natural sciences
we claim to have discovered two distinct viewpoints, one laying
more weight on the specific subject matter of these branches of
sclence, the other on methods.

This distinction may be Justified by a more fundamental one
between a problem and its golution. In other words, science
is at one and the same time:

- a way of stating problems,

- a collection of soiutions to these problems{'
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The manner of stating problems corresponds to the
sclentific actlvity. The collection of solutions may be
congldered as representing the body of knowledge resulting
from that activity. Acquiring the ability to state problems
scientifically may be described as "initiation". Presenting

the solution scilence offers to these problems may be described
as "popularisation”.

The problems themselves have in fact always existed. The
only possible variables are a manner of stating them and their
solution, with the latter obviously depending on the former.
Genuine popularisation, that is, the kind which really attempts
to convey a certain amount of objective knowledge, must of
course indicate how a particular discovery has been made, by
what experimental processes it has been arrived at, by what
deductive methods 1t has been substantiated. This kind of
popularisation 1s, in our opinion, very rare, for it impl.les
a certain ascetlcism and sustalned effort on the part of those
at whom it 1s aimed. In this sense of the word, moreover, it
would seem to belong rather to the process of initiation
defined above. The usual kind of popularisation text, 4s
found in newspapers and magazines for example, is a mixture of
morals, ethics, religlon, technology, utility, profitability,
psychology, ete., in which scientific facts are subjected to
evaluation, extrapolation, simplification, generalisation. A
profusion of metaphors, metonymles and analogies burden the
sclentific text with the imprecise terms typical of everyday
language. In order to prove thils, it is enough to estimate
the significance gilven to numbers. In a piece of sclentific
reasoning, the preclsion of a number is justified by the fact
that 1t constitutes an essential step in the argument. In
literature popularising science, a number is usually just an
1llustration in figures of some affirmation or other. It 1s
the trade mark which lends the text a "scienbtific flavour".

It is not our present task, however, to pass Jjudgment on
the popularisation of science. It exists, and although its
express alm of transmitting knowledge is rarely attained, it
has nonetheless the essentlal function of integrating the
achievements of scilence into our daily lives.

Science allows discoveries to be made, Truths to be
established, processes of thought to be initiated, techniques
to be invented, etc. These varlous facets of scientific
activity have repercussions on our daily life and subjectilve
experience. It is important that mankind and especially adults
should be capable of adapting themselves to the new world which
is coming into existence. This adaptation depends on two
essential prereguisites: -
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(1) Giving adults the chance to review critically the
knowledge they possess, il.e., to use Carl Rogers) term "to
teach them to learn again'.

(2) Supplying them with answers they can easily assimilate,
i.e,, which do not contradict the basic structures of their -
everyday thought.

Since these two reguirements are complementary, they could
be covered by popularisation in all its forms.

The accent will have to be put on the subject matter of
science, the most concrete aspects of its discoveries, thus
allowing adults to readjust continuously their vision of the
world to keep in step with scilentific discoveries.

It is not necessgary to penetrate the innermost secrets of
a computer 1ln order to be able to use one, Nor is 1t necessary
to grasp every step in the theory of evolution to be able to
distinguish man from other animals. A few pertinent
distinctions, easy to exrress in everyday language, sufficé -
to give a’'clear idea of the differences %etween man and the mos?t
highly developed ape. ,

Indeed, the process involved In this aspect of :
popularisation might be defined as the adoption into everyday
language of certain scientific concepts.

This fact moreover has ‘inspired the idea of usging
systematically mass media and particularly television (see
the' lecture by Lawrence Bragg).

The following extracts from Professor Eder!s lecture are
a good_illustration off thils need:

"Survey of the results

| . K gurvey' of topical scientific results can be obtained .
From a number of technical books such as 'Kosmos-Naturfihrer', .
Fischer Lexikon' and other series, as well as from journals

such as the 'Scientific American', in which scientists

repqrt on the results of their research activities in

articles that are illustrated by numerous illustrations

and diagrams. These publications are devoted to the most

recent discoveries and to scientists who are géenerally still
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unknown to the laymen, which is in contrast to a German
journal which publishes articles by famous personalities
who were actively engaged in research work some forty
years ago.

Selection of material and system

Adult education should be subdivided according to
professional groups. In the selection of teaching topics,
therefore, those subjects should be gilven preference that
are closest to the respective professilonal interests and
are thus easlest to approach. Subsequently, the topics
should be increasingly extended until finally the entire
field of the natural scilences 1is covered. All this refers
to systematic courses in the framework of day and evening
classes, regular weekend courses or study groups. The
educational value of single lectures, or series of lectures
held at intervals of two weeks is doubtful. Pirst of all,
education can be imparted only if there is some basis; in
a single lecture, however, time 1s far too short. Second,
knowledge will be assimilated and retained only 1f it can
be brought alive in one form or another, for which again
there 1s no opportunity in single lectures. Third, the
educational levels of the audience in single lectures are
too different to permit a thorough discussion of the
problems. Fourth, the subject-matter of single lectures
must appeal to the public and thus the real aims of
education tend to be pushed aside. It seems that single
lectures should be restricted to festive occasions and
aesthetic associations,

Possibilities of popularisation

In relation to physics the question of the N
possibilities of popularisation is particularly topical,
since there are numerous popular presentations of the
theory of relativity or the guantum theory, which are
generally incorrect but intelligible. The difficulties
of popularisation probably do not lie in the subject-
matter as such but are rather due to the fact that
originally physics research was not sufficiently detached
from its own results. Today, the fundamental
relationships in modern physics are much better understood
than at the time when they were discovered. For this
reszson it has become easier to describe and discuss
scientific results independently of their underlying
mathematical formulation.

/e
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Theoretical physics, in particular, may seem to be
ingeparable from its underlying mathematical methods, soO
that any non-mathematical statement would necessarily be
Wrong. This 1is not true, however, since theoretical
physics is not a mathematical discipline. It uses
mathematics only for the sake of a precise, compact, brief
and clear formulation of facts. For this reason 1t must
also be possible to formulate the results as factual
statements. The guestlon as to whethsr the volume of
the universe is finite or infinite will preferably be tackled
within the framework of the mathematical formalism of
gravitation theory. Nevertheless, the result can be
formulated in simple terms: let us think of the volume of
the unlverse as being successively filled with cubes with
an edge length of one light-year each; i1if this process is-
complete after a finlte number of steps, the volume is
finite; if not, it is infinifte.

Another doubt as to the possibilities of
popularisation relates ©o the abstractness of the concepts
used in modern physics. Against this 1t can be argued
that there are no concepts which are concrete or abstract
in themselves. Newly introduced concepts are always
abstract. 0ld and familiar concepts, whose meaning can
be demonstrated by a great many phenomena, are always
concrete. The clarity of a given concept is nothing but
the sum total of the phenomena associlabed with it. A%t the
turn of the century concepts like 'atom', ‘energy' or
'impulse' were still very abstract and partly controversial.
Today, they are clear even to non-physlcists. Gradually,
every concept that holds a central place in the natural
sciences becomes ooncrete.

In principle, the question of the possibility of
popularisation can be answered in the affirmative, though
there is still much that remains to be done in this
direction.

Extension to a wider public

The share of the natural sclences (particularly that
of physics) in adult education is very modest at present;
however, the figures are not very representative, since,
on the one hand, the prevailing practice of single lectures
is not particularly sulted ior natural science instruction
and since, on the other hand, only a minority of the
working population participates in adult education programmnes.

S
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It is necessary to find suitable forms of schooling.
Resldential courses in 'folk high schools', as they exist
in the Scandinavian countries, are probably well suited to
raise adult education beyond the level of an aesthetic
leisure actlivity and to extend education to communities
with an unfavourable geographical location.

Above all, the scope of adult education has to be
expanded. This can easlly be done by linking it with
centinued vocational training,"

The possibilities of popularising scilence are clearly
confirmed here, and even when Dr. Pder speaks of imparting

sclentific knowledge by lecture series, the method recommended
never loses touch with reality.

This context of reality is certainly Becessary if the
layman is to understand the phenomena revezled by science.
But 1t does involve certain dangers.

To quote one example, fthere is the common danger of

extrapolation. Why does 1t happen that the extrapolation of
certain scientific results may be abused?

Since such results are the product of scientific reasoning,
they imply certaln inherent limitations. To transfer these
results together with the reasoning which produce them into
everyday language deprives them of their specificity in the
sense that the semantic structures of everyday language differ
from those of scilentific language. To evaluate a scientific
result at its true value, 1t is necessary to take account of
how 1t was obtained, the extent to which it supplements or
contradicts some cother result obtained by different ways, what
econclusions may be drawn while respecting the methodological
restrictions of the premises, etc.

Once transferred into everyday language, however, the
result can no longer be subjected to any methodological control.
It is henceforth defined with reference to criteria which have
nothing to do with scientific reasoning: moral, economical,
political, topical, social, psychological, etc. It is
absorbed into linguistic structures which are just as apt for
shaping the processes of imaginative musings as those of
philosophical or political thought. Extrapolation originates
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in explaining a result with the help of another kind of 1
reasoning, which employs semantic lines of argument other than \
the scientific method. A result which bases its proof on facts |
from everyday reality contravenes the elementary rules of
method which require the sense of an argument to depend on
logical associations within its own sphere of reference.

Scientific language is above all abstract and formal.
Formalisation is its dominant characteristic, and 1t 1s not
without cause that natural science research workers strive at
all cost (and sometimes, apparently, even at the expense. of the
most elementary common sense) to achieve a certain formalilsm
gin this connection see "Cahiers pour 1 1Analyse"” No. 10,

"La formalisation", Editioms du Seuil).

By stressing the abstract nature of natural sciences, the
part played by hypothesis and its verification, the universal ity
of the laws of nature, the importance of dedutive reasoning,
the logical aspect of research, etc., Dr. Gerlach has highlighted
the first prerequisite which we mentioned: "to teach people bto
learn again".

The educational value of natural sciences consequently
resides in the fact that they may procure for man new metinods
of comprehending the world.

To acquire this methcd of thought is one of the most
difficult aspects of sclence for it is the one which demands
most effort from those seeking initiation. Scientific method
may indeed be defined by its semantic "non-ambiguity" and by
the fact that, in order to make use of it, we must abandon or
at least temporarily suspend the natural course of those thoughts
which are determined by our linguilstic habits. Are adulfts
prepared to furnish this effort of "disengagement of the self",
of onets own language and simultaneously onets thonght processes?
The experimert’ of Mr. Biemel may be quoted in order to reply in
part to this question:

"I directed the wark together with three other
teachers. Every Monday night we met in the mathematics
room where the children worked during the day. The parents
could use the mathematics laboratory, which basically
consisted of the logical blocks by Dienes, his multi-base
material and.hils algebra material. I would like to show
you briefly these different materials, although it would
have been preferable for you to handle them yourselves.

e
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Slides: Logical blocks,
Multi-base blocks,
Algeb?a material.

Approx. 20 minutes

Why must adult people be given the chance to
comprehend things by manipulating them? Simply because
this 1s how the process of learning really takes place.

This is clearly reflected in the various languages:

when taking the French words 'comprendre’ or 'apprendre '

we can see that the root is always 'prendre', i.e. 'to take'.
To comprehepd, therefore, actually means 'to take togethert,
to leérn things by grasping them. Similarly, the German
word 'Begriff' is derived from 'greifen': to grasp. We
grasp things with our hands and not with our eyes or ears,
and when we have understood something, we have "grasped"

it. A.Chinese proverb, which may be thousands of years
0ld, points in the same direction. It says, "I hear and
forget, I see and remember, I grasp and understand".

If we wanted to put this methodological knowledge into
practice in adult education, we would have to do away with
lectures like the one I am giving now and replace them by
active working sessions. It would no doubt be possible
to read and study in advance the texts which prepare the
way for practical sessions, but true understanding will
come only in practical seminars.

One may have different opinions on the revolt of the
‘university students in so many countries, but there is no
doubt that the method of teaching by lectures really
belongs to the past. In adult education this knowledge
of the learning process should be put into practice without
fail. - '

(oo.) ,

Dienes found that what Piaget observed in childrents
learning process was also valid to a certain extent when
an adult discovered or learned something new. This
constitutes a methodological realisation which adult
education would of course have to take into account. A
factor in Dienes'! explanations that appears rather strange
at first is the new concept of play. Not only teachers
but adults in general are opposed to play because they
confuse play with amusement and fail to realise its
genuine importance. '
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Let us briefly look at the playing child. A child
can repeat over and over again a word ihat he has Just
learned and in doing so he can almost playfully consolidate
something he has acguired. A child can spend hours
building castles in the sand and thus develop and conftrol
his spatial perception. in the same way, a child can
spend hours playing with his box of bricks -~ place brick
upon brick, destroy what he has built and start afresh. d
Nobody observing a child at play will deny the importance
of this activity, which constitutes a genuine achievement,
for his physical and psychological development.

As we know, school means an end to play. It is not

_ that suddently, at the age of 6 or 7, the child no longer

needs to play in order to learn, but rather because school
has been created by society to shape and model =~ one might
even say to produce - adults according to 1itg needs;
besides, it 1s not the aim of the schools to develop all
the latent abilities of a child. (...) As is well known,
the great creative personalities were often in the fortunate
position of not having to undergo primary school drills.
They thus preserved their creative facultics, their sense
of discovery, of play and research. (¢f. the biography of
Evariste Galois and the autobiography of Norbert Wiener.)

When looking at tne pedagogical problems of adult
education, however, we must bear in mind that the people
we meet have been conditioned and drilled and that, in the
first place, they expect to be subjected to the same
treatment again. This explains, for example, the success
of programming and programming machines, which are a
perfection of the method of drills employed in the primary
schools - no matter whether we are speaking of linear
programming according to Skinner or the multiple choice
"~ branching method developed by Crowder.  However, 1if we
want adult people to take pleasure in learning as little
children do, we must give them an opportunity to rediscover
the sense of learning through play. Of course, this is
very difficult, particularly because of the generally
negative attitude towards play and insufficient knowledge
gf the most recent results of fundamental research in this

ield. -

(e0) :; - . .,
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In the 40 mathematics clubs for parents that exist
in France we obtain successful results only if we succeed
in making the grown-ups play, in making them relive the
prooes% of learning cf their earliest childhoocd, so to
speak. '

There should be no illusions about the meaning of Biemel's
experiment. The play activities which he describes and
recommends Iin fact represent the ideal way of understanding
abstract notions. The materilal presented is formal. Only the
matter of which 1t is composed is tangible: wood, plastic,
metal, ete.; but the activities involved deal with forms, in
this Instance, the logical blocks of Dienes.

This material may be combined in certain ways determined
by the forms of the different pieces themselves. These forms
and shapes have the very same function as the premises and rules
of scientific reasoning, Play is always a more or less abstract
activity, during which it is possiblé to decide exactly how to
behave - as in analysing propositions in logic - either by
respecting the established rules or by breaking them (which
involves cheating, that may result in disqualification -
corresponding to a wrong step in logical analysis).

Play as an activity is self-sufficient, Jjust as the
language of a scientific discourse tends to be. This
essential aspect of play is borne out by its exceptional,
eut~of-the-ordinary nature, compared with day-to-~day living,
whose rules were not chosen by man but imposed on him from
outside.

Dienesr play materials demonstrate this in a particularly
striking fashion, The blocks have no inherent significance.
It 1s only in the act of play that they take on any meaning
(for example, the formation of Vennis diagrams).

The analogy between play and science, based on their
respective self-sufficiency, cannot be disputed. And does
not this self-sufficiency represent the ideal condition for

. treating abstract concepts with complete certainty?

But modern mathematics is not the only branch of science
. which lends itself to play activities; all branches of the
natural sciences, where experiment plays a major role, could
be adapted to similar activities.

One may nevertheless wonder whether the element of play
present in such operations does not preclude memorisation and
the integration of knowledge into daily existence, and also to

“what extent such integration might be dispensed with in adult

education. These questions, in spite of their importance,
remain unanswered.

/

LA
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CONCTUS TON

The seminar at St., Wolfgang would appear to have raised
more questions than 1t actually answered. This is explained
by the novelty of the problems posed, Before solutions can
be found, a certain number of relationships still have to bhe -
clarified, for example those connecting science and knowledge.

It does not appear possible to institute a valid form of
gcience education for adults without communicating a certain
body of knowledge =~ inevitably a painful process. The .
conditions of this communication pose a great many problems,
which we have tried to touch upon with the help of the
lectures delivered¢ at Strobl, But this knowledge has not
itself been defined, And that is perhaps fortunate, in the
sense that a precise definition of knowledge for each science
would bé the first step towards dissociating knowledge from
science. The former consiste of what has been discovered, the
latter of what is being discovered. The two notions are
intimately related, but it is perhaps possible to be "scientific®
without possessing great factual knowledge, It is this
possibility, if it exists, which we believe should form the

basis of A new teaching method which could be applied to adult
educatio:i,
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